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268a Monday, February 9, 2015Hypothesis:Decreased localization of L-type Ca2þ channels (LTCCs) and rya-
nodine receptors (RyRs) to TTs in atrial cells results in increased propensity for
arrhythmogenic CaT alternans.
Methods: Using a human atrial cell model from Grandi et al. incorporating
chronic AF remodeling, the effects of ion channel redistribution were evaluated
by moving 0-100% of TT ionic currents to the sub-sarcolemmal compartment
(SL). Ryanodine receptor (RyR) redistribution was also tested by moving
0-100% of RyR release from the TTs to the cytosol. In 500 virtual cells, a total
of 12 different ion channels were redistributed stochastically and indepen-
dently. The effect of each ion channel on alternans threshold cycle length
(CL) was evaluated by regression analysis.
Results: The alternans threshold CL in the original model was 431 ms. Redis-
tribution of LTCCs from TTs to the SL had the greatest effect on alternans
threshold CL (regression coefficient of 0.95), with alternans occurring at
slower pacing rates as the fraction of TT-localized LTCCs decreased due to
steepening of the SR Ca2þ release slope. Redistribution of RyRs or Naþ/
Ca2þ exchangers had a smaller and opposite effect on alternans threshold CL
(regression coefficients of 0.16 and 0.072, respectively), with decreased TT
localization of these channels causing alternans to only occur at faster pacing
rates.
Conclusions: Decreased localization of LTCCs to TTs in atrial cells promotes
arrhythmogenic CaT alternans at slower pacing rates.
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Ageing is associated to a dramatic increase in the incidence of heart failure,
even if the existence of a real age-related cardiomyopathy remains controver-
sial. In this study we performed a morphological study of cardiac cells in
hearts from adult and old mice (4 and R 24 months respectively) using
confocal and electron microscopy. Our results indicates that the cross
sectional areas (CSA) of cardiomyocytes is on the average increased in old
hearts (adults: 1915105 mm2; old: 232 5 147 mm2), with a greater vari-
ability in size indicating also the presence of several atrophic cells. The
increased CSA may be the result of an increased presence of amorphic (appar-
ently empty) cytoplasmic space between myofibrils (adults: 2.2 5 3.1; old:
9.7 5 5.7).
As effective contraction and relaxation of cardiomyocytes also depends on
Ca2þ supply to myofibrils (handled by calcium release units (CRUs) and sarco-
plasmic reticulum (SR) and on efficient ATP production (provided by mito-
chondria), we have also analyzed in detail these intracellular organelles. The
analysis of CRUs indicates that SR/transverse-tubules (TT) couplons become
shorter with age and that the number of CRUs/50 mm2 is decreased of about
24% (adults: 5.153.3; old: 3.952.6). Also mitochondria present structural
modifications, with a significant increase in the percentage of organelles pre-
senting severe alterations (3.5% vs. 16.5%, respectively in adult vs. old).
Importantly, both CRUs and mitochondria undergo a spatial re-organization
with respect to sarcomeres/myofibrils: CRUs are may be miss-oriented (longi-
tudinal) or miss-placed (found at the A band instead of being correctly placed in
proximity of Z-lines), while mitochondria are often grouped in an abnormal
fashion.
These age-related ultra-structural changes may underlie an inefficient supply of
Ca2þ and ATP to contractile elements, providing a possible structural explana-
tion for heart dysfunction.
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Cardiac aging is characterized by alterations in contractility and calcium
handling. It has been suggested that oxidative stress may be involved in
this process. The superoxide generating system NADPH oxidase (NOX) is
expressed in the heart (NOX2 and 4). We and others have reported that
in cardiac failure, the NOX-derived superoxide is increased, with a
negative impact on calcium and contractility. We tested the hypothesis that
calcium transients and contractility in aged rat cardiomyocytes are disturbed
by NOX.
Cardiomyocytes were obtained form adult (5 months-old) and aged (20
months-old) Sprague-Dawley rats. Aged myocytes were treated with apocynin
(50 mmol/L). Cells were field-stimulated from 0.5 to 4 Hz. Contractility was
evaluated as sarcomere shortening and [Ca2þ]i was monitored with fura-2.Sarcomere shortening was similar in adult and aged myocytes. [Ca2þ]i tran-
sients amplitude was increased in aged cardiomyocytes (p<0.005) and was
further increased by apocynin treatment. Time-50 to peak [Ca2þ]i was
increased in aged myocytes (p<0.05), suggesting impairment in the ryanodine
receptor RyR2, and was improved by apocynin treatment. Time-50 to maximal
relaxation was increased in aged myocytes (p<0.05) and reduced towards
normal by NOX inhibition.
Using thapsigargin to block the sarcoplasmic reticulum calcium pump
SERCA2, we submitted myocytes to tetanic stimulation to evaluate the myofil-
aments Ca2þ sensitivity. By comparing the amplitude of the tetanic contraction
achieved, with the level of [Ca2þ]i evoked, we found that myofilaments Ca2þ
sensitivity was reduced in aged myoctes (p<0.05).
In conclusion, contractility was preserved in aged myocytes, but at a higher
[Ca2þ]i level, as a result of diminished myofilaments Ca2þ sensitivity. NOX in-
hibition increased [Ca2þ]i transients amplitude and improved Ca2þ kinetics,
without changes in contractility. These results suggest a NOX-dependent effect
in aged myocytes at the level of RyR2 SERCA2 and myofilaments.
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The cardiac optogenetics ‘toolbox’ combines optical physics and genetic engi-
neering technology to provide a means of manipulating heart cell function with
high specificity. For instance, recent studies have shown that light irradiance at
specific wavelengths can perturb the processes of excitation, transmembrane
potential propagation, and beating frequency in ChR2-expressing cardiac cells.
We hypothesized that optogenetics could be used to manipulate not just beating
frequency of heart cells, but also the intensity of contractions.
In this study, we present an integrative optogenetics-electromechanical math-
ematical model that uses an engineered light-electric impulse to stimulate
genetically modified cardiomyocytes. This hybrid excitation protocol simu-
lates the excess inward ionic current produced by brief, high-intensity light
flashes and demonstrates that when properly timed, these pulses can be
used to manipulate the cellular action potential duration, intracellular calcium
release, and myofilament twitch dynamics. The model is composed of three
coupled modules; a light controlled ion channel (ChR2) module, an electrical
cellular model with enhanced calcium induced calcium released process
(CICR), and a myofilament (MF) mechanical component. The cell membrane
connects activity of ChR2 with other time- and voltage-dependent ionic cur-
rents in the cell as well as CICR. The Ca2þ transient produced by CICR then
links ChR2 activity to the local cardiac MF dynamics causing muscle to con-
tract. The model is expected to be useful for designing many different types of
in vitro cardiomyocytes studies where beat-to-beat manipulation of contrac-
tility is desirable.
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We proposed over one decade ago that age-related muscle weakness and not the
loss of muscle size is the principal contributor to disability. In searching for
cellular and molecular explanations for this weakness that exceeds the loss
of muscle mass, we found that elements of contractile force generation in skel-
etal muscle are dependent on store-operated Ca2þ entry (SOCE) and that this
capacity is lost in aging skeletal muscle. This altered SOCE is directly associ-
ated with reduced content of mitsugumin 29 (MG29), a synaptophysin family
protein (SYPL2) containing a MARVEL domain involved in cholesterol bind-
ing and formation of oligomers of these proteins. MG29 is essential for the for-
mation of the transverse-tubule system and efficient SOCE, creating a link
between reduced MG29 expression in aged muscle and the development of
muscle dysfunction in sarcopenia as our previous data demonstrate that aspects
of aged skeletal muscle are present in young mg29-/-muscle. Here we test how
the loss of MG29 affects the phospholipid composition of skeletal muscle fibers
and if producing similar changes in muscle fibers can influence SOCE activity.
Lipidomic analysis of youngmg29-/- skeletal muscle showed decreased choles-
terol content and altered levels of various phospholipid species compared to
young control muscle. To simulate the reduced cholesterol content observed
in mg29-/- muscle we partially extracted it from mature C2C12 myotubes
Monday, February 9, 2015 269awith methyl-b-cyclodextrin (MCD) and then measured SOCE in these myo-
tubes. Reduced SOCE was observed following MCD extraction, similar to
the limited SOCE we previously observed in young mg29-/- and wild-type
aged muscle fibers. Further studies will determine if mutation of conserved res-
idues in the MARVEL domain of MG29 modulate SOCE function in, and the
lipid composition of, skeletal muscle cells.
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JP45 is a sarcoplasmic reticulum membrane protein interacting with Cav1.1
and calsequestrin (CASQ). The JP45/CASQ complex enhances Cav1.1 channel
calcium activity to promote calcium entry to maintain an adequate level of
releasable SR calcium during tetanic contraction. In this study, we investigated
FDB fibres from JP45/CASQ1 double KO (DKO), JP45/CASQ2 double KO
(DKO) and JP45/CASQ1/CASQ2 triple KO (TKO) mice to assess the role, if
any, of JP45 and CASQ2 on calcium entry. Mag-Fluo-4 was used to monitor
rapid Ca2þ transients evoked by a 0.5 ms pulse at supramaximal field stimula-
tion. In the presence of 1.8 mM Ca2þ in the extracellular solution, the peak cal-
cium signal in FDB fibers from WT and JP45/CASQ2 DKO was similar, in
JP45/CASQ1 DKO and JP45/CASQ1/CASQ2 TKO FDB fibres, peak calcium
was lower compared to WT. The half time of the decay of the Ca2þ transient in
FDB fibres from JP45/CASQ1 DKO, JP45/CASQ2 DKO and JP45/CASQ1/
CASQ2 TKO was significantly slower compared to WT. Such a difference dis-
appeared when Ca2þ was substituted by 100 mMLa3þ in the extracellular me-
dium. The effect of La3þ was more evident upon stimulation of FDB fibres
with repetitive 0.5 ms pulses at 100 Hz. The calcium signal evoked by a train
of pulses at 100 Hz for 300 ms was strongly inhibited by La3þ in fibers from
JP45/CASQ1 DKO and JP45/CASQ1/CASQ2 TKO, but negligibly affected in
WT and in JP45/CASQ2 DKO. Mn2þ quenching experiments in fura-2 loaded
FDB fibers from JP45/CASQ1 DKO and JP45/CASQ1/CASQ2 TKO show that
calcium influx during tetanic stimulation is blocked by 50 mM nifedipine an in-
hibitor of Cav1.1 calcium currents. These results show that ablation of CASQ2
in a JP45 KO background does not affect calcium entry via Cav1.1.
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Protein S-nitrosylation is a reversible post-translational modification and can
have profound effects on protein function in skeletal muscle. S-nitrosylation
has been proposed to exert regulatory effects on ion channels such as RyR1
and TRPCs, by modifying the redox state of critical thiols. Increased nitric ox-
ide (NO) levels may play a crucial role in the alteration of intracellular resting
[Ca2þ]r and [Naþ]r homeostasis in skeletal muscle. The present work aimed to
characterize the contribution of NO using the nitric oxide donor S-nitroso-N-
acetylpenicillamine (SNAP) on intracellular Ca2þ and Naþ homeostasis in
Wt myotubes. In quiescent Wt myotubes 100 mM SNAP increased Ca2þ entry,
[Ca2þ]r and [Naþ]r. These effects could be blocked with either Gd3þ or
BTP-2 and partially reversed by DTT, a known inhibitor of S nitrosylation, sug-
gesting that the effect of SNAP was through a reversible increase in the TRPC
channel activity. Furthermore, we found that RyRs are not the principal target
for S-nitrosylation because SNAP incubation increases [Ca2þ]r and [Naþ]r in
RyR1/RYR3 null myotubes. It is known that NO production is elevated in mdx
muscle. Here we found that DTT or BTP-2 significantly reduced [Ca2þ]r in
mdx myotubes and DTT was able to restore a normal Ca2þ entry. We then
looked at the effects of SNAP on Kþ induced Ca2þ release and SR Ca2þ content
in WT and mdx myotubes. SNAP did not significantly decrease sarcoplasmic
reticulum Ca2þ content in either WT or mdx myotubes but reduced the magni-
tude of the Ca2þ transient induced by Kþ inWt but not in mdx myotubes. These
results suggest that nitrosative modifications play a key role regulating TRPC
activity in muscular dystrophy and their role in the Ca2þ and Naþ overload
seen in dystrophic muscles.1357-Pos Board B308
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During excitation-contraction (E-C) coupling, efficient Ca2þ release by ryano-
dine receptor (RyR) channels from the sarcoplasmic reticulum (SR) requires
that counterions move into the SR. These counterion fluxes are thought to effec-
tively clamp the SR membrane potential (Vm) near 0 mV, sustaining the trans-
SR Ca2þ driving force. Likewise, Ca2þ uptake by sarco/endoplasmic reticulum
Ca2þ-ATPase (SERCA) pumps is facilitated by the existence of counterion
fluxes. The SR also contains TRIC (SR Kþ channels) and Cl- channels in addi-
tion to RyRs and SERCA pumps. Thus, SR Vm during and between RyR-
mediated Ca2þ releases is determined by multiple channels whose function
spatially and temporally varies. The contribution of each channel to SR Vm
control is unclear and debated. We used a compartment model to examine
counterion (Kþ, Cl- and Mg2þ) fluxes across the SR membrane during E-C
coupling. The model allowed us to study the roles of the different ion channels,
as well as the time evolution of SR Vm and local changes in intra-SR/cytosolic
ion concentrations. Our results show that RyR Ca2þ efflux is indeed electrically
balanced by Kþ, Cl- and Mg2þ countercurrents. When RyRs are open, Mg2þ
initially moves into the SR and then surprisingly moves back out. Redundant
pathways exist to carry Kþ countercurrent (RyR and TRIC) during SR Ca2þ
release. When RyRs close, the Kþmust exit through TRIC channels to maintain
resting SR Vm at 0 mV. Our analysis indicates TRIC channels are essential for
resting SR Kþ re-equilibration that is needed to re-establish the normal trans-
SR Ca2þ driving force.
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Following the peak of the action potential (AP) in a twitch fiber from frog, a
very rapid repolarization occurs to an approximately constant plateau level
(the ‘‘after potential’’) ~30 mV more positive than the resting potential (RP)
lasting several msecs before returning to the RP (Adrian & Peachey 1973; J.
Physiol. 235:103-131). In order to help understand how currents shape the
AP with such fibers mounted in a double-Vaseline gap chamber, we developed
a finite-difference model of a propagating AP for this preparation. The model
includes time- and voltage-dependent gating of the Na and K currents based on
the Hodgkin-Huxley (HH) models. The assumed properties of the Na, K, and
leak conductances for the surface membrane are from Table 1B of the above
reference. The specific conductances for these currents in the T-system were
assumed to be the same as those for the surface. An access resistance for the
T-system was adjusted to give an ~1-ms delay between the surface AP and
that in the T-system. The model results indicate that the ‘‘after potential’’
can be explained by Na current resulting from recovery from inactivation - a
new explanation for the ‘‘after potential’’ to our knowledge. Modelled APs
with a Ca-activated K current, IK(Ca), replacing the HH K current in the model
are consistent with measured APs at different Ca contents (Lamboley et al.,
2013; Biophys. J. 104(2):290a). The model supports a relatively straight-
forward way for analyzing these results leading to our conclusion that IK(Ca)
is the main determinant of the rapid repolarization phase of the AP. Conse-
quently, IK(Ca) comprises a very important negative feedback mechanism for
controlling Ca2þ release from the sarcoplasmic reticulum.
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Increased diastolic SR Ca2þ (Ca) leak via cardiac ryanodine receptors (RyR2)
can cause cardiac arrhythmias and dysfunction in heart failure (HF). CaMKII-
dependent RyR2 phosphorylation (at S2814) is thought to be a critical
